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A Different Approach to the Study of
Pressure-Volume Relationship of Gases
HAROLD WENGERT
Malcolm Price Laboratory School
University of Northern Iowa

The beginning course in chemistry
as taught in our high schools should
be directed toward general education.
This can best be done when the ideas
are approached through a direct experience on the part of the student.
It is usually found that the gas law
relationships are taught with the aid
of complicated apparatus and mathematical formulas. This takes the excitement out of learning and in many
cases fails to teach the concepts that
chemistry teachers have considered
necessary. The author found that accurate and precise data (maximum error of 2.66%) for one of the gas law
relationships could be taken by high
school students with a small plastic
syringe and a set of weights.
The experiment was carried out by
closing the needle end of the syringe,
placing the syringe in a vertical position with the needle end down, starting the plunger at some mark on the
syringe, and adding weight to the
plunger. It was found that the student could very easily see that an increase in weight (pressure) caused a
decrease in the volume of the confined gas in the syringe. From these
ideas and a series of directive questions the student was able to plot the
data and found it easy to translate
this data and his ideas into the mathematical relationship called Boyle's
Law.

One of the problems in teaching science for general education is that all
too often the ideas and concepts are
given to the prospective learner before he has had an opportunity to
wrestle with them himself. For example, characteristically an investigation of the gas law relationships is carried out with the student being given
the apparatus, the formulas, and the
instructions to prove the laws. It is impressed upon the student that these
are important relationships, that the
proof of the laws is necessary (for
what purpose we and the students are
not always sure), and that this direct
laboratory exercise gives the learner
the "real" experience needed for him
to think like a scientist. Many times
the student thinks and feels, whether
shown or not, that if the formulas
haven't been proven by now with the
best scientists investigating them, why
should he waste his time with them.
The better students very quickly learn
to use the "Hershey factor" to get the
results to fit the formula. Others do
not understand the mathematics used
which may be just "plug-ins" or may
even necessitate the use of trigonometric functions. If there is anything
that will quickly frustrate and confuse
a student, it is mathematical ideas
with which he cannot function.
It is the author's opinion that chemistry can be interesting, challenging,
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and meaningful to all students engaged in this intellectual adventure. It
is also the author's opinion that the
major concepts and processes of this
discipline can be taught with a minimum of elaborate apparatus, facilities,
and mathematics. An example of one
attempt to accomplish these ends is
the b asis of this paper.
Boyle's Law is conventionally demonstrated to, or experienced by the
student, with the use of a mercury
column over a confined volume of gas.
This can be done in several ways, one
of which is the J-tube method. There
are at least two major disadvantages
to the use of the J-tube method or inclined column method of studying P-V
gas relationships. First, there is the
danger of mercury poisoning any time
this chemical is used in the classroom
( Chemistry 37, 12, p . 27). Therefore,
it seems that some other method
should be used to study this relationship which does not use mercury, if
indeed the relationship is an essential
part of the learning pattern.
The second unfavorable aspect of
most of the mercury-confined column
methods is that the student many
times does not understand the recipe
for putting the numerical data into
Boyle's Law. This problem is particularly significant if students of inadequate mathematical background are
encouraged as they should b e to enroll in chemistry as part of their high
school education.
Based upon these two factors, the
author attempted to design an investigation which eliminated these problems. It was found that a simple plastic syringe and a set of weights could
be used very satisfactorily to study the

P-V relationship of gases. The apparatus is usually assembled as follows:
1. A ring with a jar cap over the
hole was placed about one foot
from the top of a tall ring stand.
2. A tiny hole was bored partially
through a medium-sized, solidrubber stopper and the orifice
end of the syringe was inserted
into the hole of the stopper. ( The
needle was not used b ecause of
safety factors. ) The initial point
of the plunger was regulated by
positioning the plunger before the
syringe was inserted into the stopper.
3. The syringe was clamped loosely
in place with the stopper end
resting on the covered ring on the
stand.
4. The weight hanger was hung on
the plunger. It was constructed of
a I-inch by 3-inch board about six
inches long with a hole drilled
partially through the center so
that it could be placed over the
plunger. A split coat hanger was
suspended from the ends of the
board forming a yoke around the
syringe and ring assembly. Various amounts of weight were hung
from the hook of the hanger. ( See
Figure 1. )
The actual methodology with which
the investigation is approached can be
left solely to the discretion of the
classroom teacher. The author used a
guide sheet which was a part of a
study of the energy of state of matter.
The P-V relationship was the first of
the gas laws studied. The student was
directed in his investigation by a reference to a kit containing the items
discussed previously and a series of
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difficulty and complexity from the
plotting of their number pairs to introducing ideal gas b ehavior as related
to the P-V relationship. Also included
in the discussion or guide questions
might be the ideas that the total pressure of the system was actually the
sum of the atmospheric and applied
pressures.
Below is a summary of the mathematics of Boyle's Law using the system as described. This will not b e the
way that the student will approach the
relationship, but it is included here as
clarification for the reader. Actual student data are used.

= k (mathematical relatio nship describing Boyle's Law)

P.Y

Pressure (total) = Pt = Papplied + Patmospheric
= pa + patm .

Figure 1

guide questions which needed thought
and experimental data to answer.
Each student or group of students
then designed a series of experiments
that were felt to be necessary to enable the answering of the questions.
This approach works particularly well
in an individual rate, personalized system where group dynamics can operate at its fullest, thus allowing for a
free exchange of ideas between the
teacher and students and among the
students.
It was found that the students could
conceptualize the inverse relationship
of pressure and volume with these investigations without any mathematics
at all. Once the concept was understood, all that the mathematics did
was to reinforce and extend this understanding.
The guide questions can range in

= ill!!!D

Pa = grams applied
cross sectional
area of syringe

2.01 cm 2

Patm . = (Density of Hg) . (Atmospheric
pressure) = (13 .6 ~ (74.0 cm) =
cm

1006.4 g!!!_
cm 2
The refore,
Pt = (1006 .4 ~ + _ a_
\(V) = k
\
cm
2.01 cm2/

Typical experimental data are listed
in Table 1. ( Also see Figure 2.)
The student data in Table 1 give a
mean value for k of 10,522. gm-cm.
The maximum error was 2.66 per cent
with a mean error of 1.52 per cent.
After some trial and error on the
part of the author, it was found that
one brand of plastic syringe was much
21

Table 1
Typical Experimental Data
Trial

1
2
3
4
5
6
7
8
9

a ( gm )

V ( cc )

0
124
624
1124
1624
2124
2624
3124
3624

10.2
9.8
8.2
6.8
5.8
5.2
4.6
4.0
3.7

Pa
0.0
61.7
310.4
559.2
808.0
1056.7
1305.5
1554.2
1803.0

pt

k

1006.4
1068.1
1316.8
1565.6
1814.4
2063. 1
2311.9
2560.6
2809.4

10,265.
10,466.
10,798.
10,646.
10,524.
10,728.
10,635.
10,242.
10,395.

Diff erence from
Mean

257
56
276
124
2
206
113
280
127

ing, and being versatile enough to be
presented at almost any level of sophistication desired by the teacher.
Although the author presented this at
the eleventh- and twelfth-grade level,
a very similar approach was successfully used at the eighth-grade level. It
is the author's opinion, though, that
no matter how well an investigation
or piece of apparatus works, it is still
the guidance by the teacher, whether
written, oral, or a combination of
written and oral, that is the key to success in any given classroom situation.

NABT Convention
in Philadelphia
in Octaber, 1969
The National Association of Biology
teachers will hold its national convention in Philadelphia, October 8-11,
1969. The theme of the convention
will be "Social Implications of Biological Education." Sessions will include consideration of such t opics as
population control, genetic manipulation, organ transplantation, and environmental pollution.
Plan to attend and participate in
the program. For information, write
to: Miss Nancy E. Stees, 519 North
High Street, West Chester, Pennsylvania 19380.

Figure 2

more satisfactory than the others. This
was a 12 cc monoject syringe manufactured by Roehr Products Co., Inc.
The syringes of this type that were
used in the classroom were donated
to the school by a local veterinarian.
This partict1lar approach to Boyle's
Law can b e incorporated into a lecture-discussion, student-laboratory, or
individualized method of teaching. It
also has the advantage of little or no
expense, no danger of mercury poison22

